Abstract. Today competitive manufacturing requires innovative approaches in the production management, as well as for customer satisfaction. Production management requires an effective and efficient maintenance management system. One approach to improve the performance of the maintenance system is through the implementation of Total Productive Maintenance (TPM). The key performance index to measure the effectiveness of TPM implementation is Overall Equipment Effectiveness (OEE). The TPM activities will eliminate equipment losses related to availability, performance rate, and quality rate. Hence, the TPM implementation will increase the OEE value. This paper outlines the theories of TPM and OEE. The paper also presents the studies carried out by different authors to show the improvement of OEE through implementation of TPM in manufacturing, such as electronic industry, steel manufacturer, as well as locomotive components manufacturer.
Introduction
The global marketplace has witnessed an increased pressure from customers and competitors in manufacturing, as well as service sector [1, 2] . Over the past two decades, manufacturing organizations have used different approaches to improve maintenance effectiveness [3] . It is observed that there has been a general lack of synergy between maintenance management and quality improvement strategies in the organizations, together with an overall neglect of maintenance as a competitive strategy [4] . One approach to improving the performance of maintenance activities is to implement and develop a Total Productive Maintenance strategy. The Total Productive Maintenance implementation methodology provides organizations with a guide to fundamentally transform their shop floor by integrating culture, process, and technology [5] .
Total Productive Maintenance
TPM is a methodology originating from Japan to support its lean manufacturing system, since dependable and effective equipments are essential pre-requisite for implementing Lean manufacturing initiatives in the organizations [6] . TPM has been accepted as the most promising strategy for improving maintenance performance in order to succeed in a highly demanding market arena [7] . TPM has been depicted as a manufacturing strategy comprising of following steps [8] [9] [10] ; 1) maximizing equipment effectiveness through optimization of equipment availability, performance, efficiency and product quality, 2) establishing a preventive maintenance strategy for the entire life cycle of equipment, 3) covering all departments such as planning, user and maintenance departments; involving all staff members from top management to shop-floor workers, and 4) promoting improved maintenance through small-group autonomous activities.
The principal features of TPM are the pursuits of economic efficiency or profitability, maintenance prevention, improving maintainability, the use of preventive maintenance, and total participation of all employees [11] .
Overall Equipment Effectiveness (OEE)
According to Nakajima et al. [7] , OEE measurement is an effective way of analyzing the efficiency of a single machine in the manufacturing system. It is usually formulated as a function of number of mutually exclusive components [12] , such as availability efficiency, performance efficiency and quality efficiency. The OEE measure can be applied at several different levels within a manufacturing environment. Firstly, OEE can be used as a "benchmark" for measuring the initial performance of a manufacturing plant in its entirety. In this manner, the initial OEE measure can be compared with future OEE values, thus quantifying the level of improvement made. Secondly, an OEE value, calculated for one manufacturing line, can be used to compare line performance across the factory, thereby highlighting any poor line performance. Thirdly, if the machines process work individually, an OEE measure can identify which machine performance is worst, and therefore indicate where to focus TPM resources [8] .
To be able to record key figures and investigate how manufacturing contributes to the overall performance, it is of vital importance to measure and understand how to conduct measurements of disturbances in the manufacturing process. Disturbances can roughly be divided into the two categories, chronic and sporadic, depending on how often they occur [13, 14] . Chronic disturbances are usually small, hidden and complicated, because they are the result of several concurrent causes. Sporadic disturbances are more obvious since they occur quickly and as large deviations from the normal state.
Implementation of TPM
The following section discusses the implementation of TPM and the effect to overall equipment effectiveness (OEE). Several case studies presented here. [15] .
CPT is the world largest CRT manufacturing company established in 1961 with over 15,000 employees. It has branches and production sites in Malaysia, China Mainland and England. Table 1 shows the indices based on product, quality, and cost criteria, before and after the implementation of TPM [15] . As a conclusion, the OEE value increased from 56.98% to 80.84% in TPM Part I, and subsequently increased to 86.3% in TPM Part II.
SET is a professional company on packaging, testing and sales of semiconductor products. It was established in 1976, and is a 100% Japanese-owned company with 755 workers. Its main products include IC, small single transistors and large single transistors. Table 2 shows the indices based on product, quality, cost, delivery, and safety criteria, before and after implementation of TPM [15] . As a conclusion, the OEE value increased from 55% to 86% in TPM Part I, and subsequently increased to 92% in TPM Part II.
SEECO was established in 1973, and now is the largest Molded Case Circuit Breaker and Capacitor manufacturer in Taiwan. It has 617 workers, with main products include BH, NF Molded Case Circuit Breaker & Capacitor, and Power Leakage Breaker. Table 3 shows the indices based on product, quality, cost, safety, and morale criteria, before and after implementation of TPM [15] .
As a conclusion, the OEE value in 1995 before TPM was 70.2%, and increased to 89% in 1999 after the implementation of TPM versus the target after PM was 85%. Table 2 Indices and Actuality of TPM Activity at SET. 
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Case Study II. The case study reported here was conducted at a steel manufacturing unit catering to approximately one-third market share of the stainless steel production in India [16] . Fig. 1 shows the total plant uptime versus performances losses before and after the implementation of TPM [16] . Fig.  2 shows an improvement of OEE from 30.6 percent at the beginning of TPM implementation program to 71.6 percent after the successful TPM implementation [16] . The results reveal a significant improvement in OEE as a result of strategic TPM initiatives, attributed to a focused improvement initiatives for identification and mitigation of the factors contributing to low overall equipment effectiveness. The holistic TPM implementation has also revealed drastic reduction in losses and significant enhancement in total plant uptime for the manufacturing facility. Fig. 1 Total plant uptime versus performance losses before and after TPM [16] . Case Study III. Another industry selected for TPM implementation is a leading supplier of critical assembly spares for diesel and electric locomotives [17] . The components are supplied to regional loco sheds, as well as to South East Asian countries. The management of the company observed that maintenance costs increased between 20-30 percent of the production costs and emergency repairs were three times more expensive than the same job done in the pre-planned manner.
The data related to production (set up time, cycle time (actual and ideal both)) and maintenance parameters (repair or down time) were collected for the period of two years (1999) (2000) before TPM implementation, and after two years of TPM implementation (2001) (2002) . It is observed that considerable improvements in availability, performance efficiency and quality rate were obtained after the implementation of TPM program as shown in Table 4 [17] .
The availability of cell improved by 17 percent, performance efficiency by 8 percent and quality rate by almost 20 percent. The OEE measure increased from 39 to 69 percent. Thus, in order to achieve or reach close to world-class performance level with OEE, 85 percent of the cell needs to continue with its TPM implementation efforts primarily focusing on loss minimization. 
Summary
Based on the case study presented on the electronic industry in Taiwan, after the implementation of TPM, the OEE for CPT increased from 56.98% to 80.84% in TPM Part I, and subsequently increased to 86.3% in TPM Part II. For SET the OEE value increased from 55% to 86% in TPM Part I, and subsequently increased to 92% in TPM Part II. For SEECO, the OEE value increased from 70.2% to 89%.
With the implementation of TPM on steel manufacturer in India, OEE increased from 30.6% at the beginning to 71.6% after the successful TPM implementation. The effect of TPM implementation on locomotive manufacturer in India was the company identified maintenance and repair cost increased significantly. The TPM was implemented in stages in the assembly cell, and the results are the availability of cell improved by 17%, performance efficiency by 8% and quality rate by almost 20%. Hence, the OEE measure increased from 39 to 69%.
The TPM should not stop with the improvement of the OEE. The company should strive to achieve the world class OEE of 85%. Once approaching the world class status, the OEE should be maintained and increased further with kaizen activities to ensure continuous improvement of the company.
